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CODEBOOK-BASED UPLINK
TRANSMISSION IN WIRELESS
COMMUNICATIONS

CROSS REFERENCE TO RELATED PATENT
APPLICATION(S)

The present disclosure 1s part of a non-provisional appli-

cation claiming the priority benefit of U.S. Patent Applica-
tion Nos. 62/560,231, 62/5635,182, 62/570,685 and 62/588,

200, filed on 19 Sep. 2017, 29 Sep. 2017, 11 Oct. 2017 and
7 Dec. 2017, respectively, and also a continuation-in-part
(CIP) of U.S. patent application Ser. No. 16/129,774 filed on

12 Sep. 2018, the contents of which are mcorporated by
reference 1n their entirety.

TECHNICAL FIELD

The present disclosure 1s generally related to wireless
communications and, more particularly, to codebook-based
uplink (UL) transmission 1n wireless communications.

BACKGROUND

Unless otherwise indicated herein, approaches described
in this section are not prior art to the claims listed below and
are not admitted as prior art by inclusion in this section.

Compared with downlink (DL) codebook design, there
are significant differences in terms ol network node imple-
mentation and deployment scenarios. Due to different gain
set points, the 1ssue of relative phase discontinuity (RPD)
has been 1dentified 1n Long-Term Evolution (LTE) mobile
communication systems. With limited form factor, and given
the immediate radiation/propagation environment 1s suscep-
tible to eflects such as hand-holding, rich local scatter and
the like, possible antenna gain difference can also exist on
the user equipment (UE) side. When multiple panels are
used at a UE, there can be also the frequency coherence 1ssue
such as non-common mode phase noise. To complicate the
situation even more, in 5”-Generation (5G) or New Radio
(NR) mobile communication systems, both discrete Fourier
transformation OFDM (DFI-OFDM) and cyclic-prefix
orthogonal frequency-division multiplexing (CP-OFDM)
wavelorms are supported, and they have diflerent require-
ments on the precoder in terms of peak-to-average power
ratio (PAPR) preserving.

SUMMARY

The following summary 1s 1illustrative only and 1s not
intended to be limiting 1n any way. That 1s, the following
summary 1s provided to introduce concepts, highlights,
benefits and advantages of the novel and non-obvious tech-
niques described herein. Select implementations are further
described below 1n the detailed description. Thus, the fol-
lowing summary 1s not intended to 1dentily essential features
of the claimed subject matter, nor 1s 1t itended for use 1n
determining the scope of the claimed subject matter.

The present disclosure proposes a number of solutions,
schemes, methods and apparatus pertaiming to codebook-
based uplink transmission 1 wireless communications.
Under various schemes proposed herein, a codebook may be
designed to be robust for diverse scenarios. The codebook
may cover a number of targeted codebooks which were

optimized for specific antenna configurations and/or sce-
narios (e.g., Rel-8 DL 4Tx rank 2 codebook, rank 2 mutually

unbiased bases (MUB) extension from Rel-10 UL 4Tx rank
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2

1 codebook and Rel-15 DL NR 4TX rank 2 codebook). It 1s
believed that the proposed solutions, schemes, methods and
apparatus may reduce transmission overhead, improve sys-
tem performance, and reduce power consumption by UE:s.

In one aspect, a method may involve a processor of a user
equipment (UE) constructing a codebook comprising a
plurality of precoders. The method may also mvolve the
processor processing information using the codebook. The
method may further mvolve the processor transmitting the
processed mformation to a network node of a wireless
network. In constructing the codebook, the method may
involve the processor selecting a candidate precoder from a
single-stage codebook or a dual-stage codebook and per-
forming a permutation on the candidate precoder.

In one aspect, an apparatus may include a transceiver and
a processor coupled to the transceiver. The transceiver may
be capable of wirelessly communicating with a network
node of a wireless network. The processor may be capable
of: (a) constructing a codebook comprising a plurality of
precoders; (b) processing information using the codebook;
and (¢) transmitting, via the transceiver, the processed
information to a network node of a wireless network. In
constructing the codebook, the processor may be capable of
selecting a candidate precoder from a single-stage codebook
or a dual-stage codebook and performing a permutation on
the candidate precoder.

It 1s noteworthy that, although description provided herein
may be 1n the context of certain radio access technologies,
networks and network topologies such as 5G/NR mobile
communications, the proposed concepts, schemes and any
variation(s )/derivative(s) thereof may be implemented in,
for and by other types of radio access technologies, networks
and network topologies wherever applicable such as, for
example and without limitation, LTE, LTE-Advanced, LTE-
Advanced Pro, Internet-of-Things (IoT) and Narrow Band

Internet of Things (NB-IoT). Thus, the scope of the present
disclosure 1s not limited to the examples described herein.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are included to provide a
further understanding of the disclosure and are incorporated
in and constitute a part of the present disclosure. The
drawings 1llustrate implementations of the disclosure and,
together with the description, serve to explain the principles
of the disclosure. It 1s appreciable that the drawings are not
necessarily 1n scale as some components may be shown to
be out of proportion than the size 1 actual implementation
in order to clearly illustrate the concept of the present
disclosure.

FIG. 1 1s a diagram of an example message chain of a
procedure for UL codebook-based transmission mvolving a
UE and a network node in accordance with the present
disclosure.

FIG. 2 1s a diagram of an example concept 1n accordance
with the present disclosure.

FIG. 3 1s a diagram of an example concept 1n accordance
with the present disclosure.

FIG. 4 1s a diagram of an example concept in accordance
with the present disclosure.

FIG. 5 15 a diagram of a proposed rank 1 codebook design
in accordance with the present disclosure.

FIG. 6 1s a diagram of example scenarios in accordance
with the present disclosure.

FIG. 7 1s a diagram of a proposed rank 2 codebook design
in accordance with the present disclosure.
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FIG. 8 1s a diagram of an example scenario 1n accordance
with the present disclosure.

FIG. 9 1s a diagram of an example scenario in accordance
with the present disclosure.

FIG. 10 1s a diagram of an example scenario in accor-
dance with the present disclosure.

FIG. 11 1s a diagram of an example wireless communi-
cation environment in accordance with an implementation of
the present disclosure.

FIG. 12 1s a flowchart of an example process 1 accor-
dance with an implementation of the present disclosure.

DETAILED DESCRIPTION OF PREFERRED
IMPLEMENTATIONS

Detailled embodiments and i1mplementations of the
claimed subject matters are disclosed herein. However, 1t
shall be understood that the disclosed embodiments and
implementations are merely illustrative of the claimed sub-
ject matters which may be embodied 1n various forms. The
present disclosure may, however, be embodied in many
different forms and should not be construed as limited to the
exemplary embodiments and implementations set forth
herein. Rather, these exemplary embodiments and imple-
mentations are provided so that description of the present
disclosure 1s thorough and complete and will fully convey
the scope of the present disclosure to those skilled 1n the art.
In the description below, details of well-known features and
techniques may be omitted to avoid unnecessarily obscuring
the presented embodiments and implementations.
Overview

Implementations 1n accordance with the present disclo-
sure relate to various techniques, methods, schemes and/or
solutions pertaining to codebook-based uplink transmission
in wireless communications. According to the present dis-
closure, a number of possible solutions may be implemented
separately or jointly. That 1s, although these possible solu-
tions may be described below separately, two or more of
these possible solutions may be implemented 1n one com-
bination or another.

NR Uplink Codebook Design

As codebooks for NR need to support diverse radio
environments and various UE practical 1ssues, the present
disclosure proposes a number of approaches and/or
schemes, described below, to design rank 2 and higher-rank
codebooks so the codebook subsumes LTE Rel-10 UL
four-transmitter (4Tx) codebook and NR Rel-15 DL 4Tx
codebook.

The chordal distance between two precoders A and B 1s
given by the norm of the matrix AA”-BB”, where the
subscript H 1s for the Hermitian operator. In the present
disclosure, the phrase “chordal-distance equivalent™ 1s used
to refer to two codewords 1 an event that their chordal
distance 1s 0. Additionally, a first codebook (codebook 1)
may be deemed to “cover” a second codebook (codebook 2)
in an event that, for any codeword in codebook 2, there 1s a
chordal-distance equivalent codeword 1n codebook 1. More-
over, the phrase “chordal-distance equivalent” 1s used to
refer to two codebooks 1n an event that, for any codeword in
either of the two codebooks, there 1s a chordal-distance
equivalent codeword 1n another codebook. In other words,
they may cover each other.

Unified Codebook Design Supporting Diverse Scenarios

In SG/NR mobile communications, diverse scenarios can
be encountered in the application of the UL codebook,
including RPD, non-common mode phase noise, antenna

gain imbalance (AGI) and the like. It 1s desirable that a NR
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4

UL codebook can support these scenarios besides uniform
linear array (ULA) and non-ULA antenna configurations.

Specifically, the codebook may have all the codewords from
LTE Rel-10 UL 4Tx codebook and NR Rel-15 DL 4T1x
codebook.

Under a proposed scheme 1n accordance with the present
disclosure, to support both ULA and non-ULA antenna
configurations, a dual-stage codebook structure may be
adopted, with a first construction (“Construction 1) or a
second construction (“Construction 27), as explained below.

For Construction 1, let N,=2, with N,=1, O,=4 and =2,
the following may be defined:

In the design:

Let B, = [”” ””JEI_ZN_I ] =

[1 | }
. 27n
Eiﬁﬁﬁ_ 1 -1
by,
then WS}:[ }
By,

_E:'I'_

and W2, = .
Pnej

A rank 1 precoder may be given by W,"VW. m(z), where
O0<k=<N, O,/2-1=3, with 1=1, j<2 and O=n<3. It 1s noteworthy
that (1,5)=(1,1),(1,2),(2,1),(2,2), and ¢, takes a value from 1,
1, =1, =1, and ¢, 1s a Lx1 vector with 1 at element 1 and zeros
clsewhere. It 1s also noteworthy that there are sixteen rank
1 precoders (with the first sixteen precoders 1 Rel-10 4Tx
UL codebook being for port combining) from Rel-10 4Tx
UL codebook, and thirty-two rank 1 precoders from Rel-15
NR downlink (DL) 4Tx codebook with L=1. Collecting
those vectors together, forty unique precoders (eight pre-

coders being common 1n both codebooks) may be obtained.

It 1s further noteworthy that the allowed range for each
parameter can be restricted with CSR. To support the same
port combining rank 1 precoders from Rel-10 UL 47Tx
codebook, some CSRs may be considered. For instance, a
beam group restriction of k=0,2 (e.g., k=1,3) may be taken,
leading to one bit saving for signaling on W,. Additionally,
the allowed co-phasing values may depend on the beam
selection pairs k=0 and k=2. For k=0, for beam selection
ij)=(1,1) or (2,2), co-phasing values from {j,—j} are
allowed; and for beam selection (1,1)=(1,2),(2,1), co-phasing
values from {1,-1} are allowed. For k=2, for beam selection
ij)=(1,2) or (2,1), co-phasing values from {j,—j} are
allowed; and for beam selection (1,1)=(1,1),(2,2), co-phasing
values from {1,-1} are allowed. Accordingly, one bit saving
can be achieved for signaling on W,

To support the same rank 1 precoders as from Rel-15 DL
4'Tx codebook, the following CSBR may be taken: limiting
beam selection (1,1) to (1,1),(2,2) (e.g., (1,2) and (2,1) are not
allowed).
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For Construction 2, let N,=2, with N,=1, O,=4 and =4,
the following may be defined:

Let B, =

I

|
1
[—
[—
[—
[—
—]

by,
then W1 = [ }
By,

_E':'j'_

and W%, = .
Pnej |

Here, e, 1s a Lx1 vector with 1 at element 1 and zeros
clsewhere.
A rank 1 precoder may be given by:

w O, @

ijn 0

Here, (1,7)=(1.1),(2,2).(3,3),(4.4),(1,3),(3,1),(2,4),(4,2),
and ¢, takes a value from 1, 3, -1, —7. Hence, for beam
selection there are e1ght choices, and quadrature phase-shift
keying (QPSK) may be used for co-phasing.

Similar to the situation in Construction 1, CBSR may be

also used to reduce signaling overhead and recover the NR
DL 4Tx codebook and Rel-10 UL 4Tx codebook. To recover

the Rel-10 UL 4Tx codebook, the first beam group (and no
other beam group) 1s needed (e.g., k=0). For beam selection
(1,1), (2.4), (3,3) and (4,2), co-phasing values may be
limited to {j,—j}. For beam selection (1,3), (2,2), (3,1) and
(4,4), co-phasing values may be limited to {1,-1}. To
recover the NR DL 4Tx codebook, beam selection (1,) may
be limited to (1,1), (2,2), (3,3) and (4,4).

To support AGI, an approach of “one-antenna turn-ofl™
and an approach of “two-antenna turn-ofl” may be consid-
ered. With respect to the one-antenna turn-ofl approach, one
out of four antennas may be turned ofl. Starting with the
sixteen rank 1 codewords from construction 1, then eight
rank 1 codewords with O at port 1 may be obtained (e.g., by
putting O at the first element), and eight rank 1 codewords
with O at port 2 may be obtained (e.g., by putting O at the
second element), and so on. In total, sixty-four rank 1
codewords may be obtained. It 1s noteworthy that, by setting
0 to the k elements 1n the sixteen rank 1 precoders from
construction 1, sixteen codewords may be obtained, with
cight of the sixteen codewords being unique.

With respect to the two-antenna turn-oil approach, two
out of four antennas may be turned ofl. There may be

with O=k<N, O /4-1=1, O=n=<3

choices (e.g., the UE may turn off antennas 1 and 2, or
antennas 1 and 3, and so on). When RPD or non-common
phase noise are present, some combinations may not be
necessary. For example, with coherence group composition
of {(1,2), (3,4)}, port combining across coherence group
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may not be supported and, consequently, the UE may not
support port combining such as antennas 2 and 4.

Under construction 3, three out of the four antennas may
be turned off. There are four combinations. In the design:

Let B, = [””

- J.__Z_:?m_
e U1V

by,
then W'l = [ }
b,

A

(2)
and W% = ,
 PnAj

i, f.H -

Here, A, 1s the k-th column of the following matrix:

12
~172|

12|
12 ]

le2]

leq ]

A rank 1 precoder may be given by W,VW, Jﬂﬂ(z)j where
O0<k=<N, O,/2-1=3, with 1=1, j=4 and O=n<3.

To reduce signaling overhead, for antenna turn-off for a
single antenna, constraints may be enforced (e.g., 1t 1=3.,4
and 1=1,2, then n=0,1). Moreover, additional may be con-
structed as follows:

} , where 1 <i=<4, and

, where | < j <4,

There may be a number of variations to the above scheme.

It 1s noteworthy that having O=<k<N,0O,/2-1 may be
enough to cover all the precoders from NR 4Tx DL code-
book and Rel-10 UL 4Tx codebook. Another approach
leading to a clean design may be to separately define the
precoders for the non-ULA and ULA antenna configura-
tions, with precoders for other scenarios being under difler-
ent beam groups (e.g., N,0O,/2<k<N,O,-1). It 1s also note-
worthy that the co-phasing teams may be modified from 1,
j, =1, —j to 1,3 .&/*"? to reduce the number of combi-
nations.

It 1s noteworthy that B, may be defined as:

As such, necessary changes may be made, with L=4 and
A=[[e,]le-][es]le.]], and necessary changes may also be
made to ranges and combinations of the indices.

Considering various scenarios and use cases, a resultant
codebook may have a large size. A number of approaches
may be taken to minimize, reduce or otherwise control the
signaling overhead. For instance, all the precoders for the
one-antenna turn-oil case may be removed. Additionally, or
alternatively, co-phasing for the two-antenna turn-ofl case




US 10,594,374 B2

7

may be limited to 1 and -1 for cross-coherence group cases
(e.g.,only [101 0] or[1 0 -1 0] 1s supported). Additionally,
or alternatively, there may be no co-phasing for a three-
antenna turn-oil case. Additionally, or alternatively, condi-
tional codebook usage may be considered. Specifically, with
conditional codebook usage, the actual precoder used by the
UE may be modified according to signaling of the base
station/network node (e.g., gNB), which may be dynamlc
and/or semi-statical) over the codewords given in the speci-
fication (e.g., in TS 38.214).

Conditioned Codebook Usage

With conditioned codebook usage, the actual precoder
used by a UE may be modified according to signaling from
a base station (e.g., via dynamic and semi-statical signaling)
over the codewords given in the specification (e.g., 1n TS
38.214). Under a proposed scheme 1n accordance with the
present disclosure, when a base station (e.g., gNB) detects
that one or more antenna ports from the UE 1s/are of low
gain(s ), the base station may signal to the UE semi-statically
through RRC signaling or MAC CE, so that the UE would
not use certain antenna(s). For instance, the base station may
signal to the UE using a bitmap where each “0” 1n the bitmap
indicates turn-ofl for the corresponding antenna port at the
UE (e.g., a bitmap of [1 O 1 O] instructs the UE to turn off
the second and the fourth antennas among four antennas at
the UE). Accordingly, all the codebook design from Con-
struction 1 described above may be reused. On the UE side,
once the UE receives a precoding matrix indicator (PMI)
from the base station, then some elements for the indicated
precoder may be turned off according to the indication from
the base station. Advantageously, dynamic signaling design
and codebook design may be simplified. It 1s noteworthy that
W, potentially may also be included 1n the semi-statical
signaling/MAC CE.

Under a proposed scheme in accordance with the present
disclosure, from the coherence group composition indicated
by a UE, a base station may take measures such as SRS-
based RPD calibration to see whether necessary remedy
steps would be adequate to remove coherence group con-
straint pertaining to coherence transmission capability of
antennas at the UE. As a base station may perform SRS
calibration based on SRS, this may be expanded to demodu-
lation reference signal (DMRS) from the UE. For instance,
the base station may signal the same transmitted PMI
(TPMI) for the UE and use different physical uplink shared
channel (PUSCH) transmit power levels to calibrate RPD
behavior of the UE. Considering the SRS/DMRS based on
calibration results, the base station may indicate to the UE
to use a precoder with phase rotation with respect to the
precoder extracted from the SRS/DMRS transmission from
the UE. In an event that the remedy steps at the base station
are still not adequate or it 1s physically impossible for the
base station to remedy the situation (e.g., non-common
mode phase noise at the UE), then the base station may
signal a codebook constraint to the UE. In this case, the
meaning ol the codebook (e.g., constructed from Construc-
tion 1 or Construction 2) may be modified.

In the case with two coherence groups, for W,'"'W., . (2
in Construction 1, i1 1=1, then: (1) the precoder may be for
coherence group 1,, (2) only clements 1 and 2 may be used
for coherence group 1, and (3) the transmit power may be
turned ofl for ports in coherence group 2. Otherwise, if =2,
then: (1) the precoder may be for coherence group 2, (2) only
clements 3 and 4 may be used for coherence group 2, and (3)
the transmit power may be turned off for ports in coherence
group 1. In the case that antenna ports 1n a coherence group
may come from non-adjacent indices (e.g., ports 1 and 3 in
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coherence group 1, and ports 2 and 4 1n coherence group 2),
a similar procedure may also be feasible.

Under the proposed scheme, re-indexing may be consid-
ered to allow arbitrary antenna-coherence group definitions.
For instance, the precoder may be given an index as follows:

Ik 7, 0m)=h2x2%x4+(i-1)x2x4+(j-1)x4+n, 1=i, j<2,
O=pn=3, Osi=3,

Then, precoders with indices 0, 8, 16, 24, 32, 40, 48 and
56 may be used for port combination (1,2), 1, 9, 17, 25, 33,
41, 49 and 357 for the port combination (, 3), and so on, with
the understanding that the first two elements may be for the
relevant antennas. For example, with index 9, the precoder
[1,-1.j,j]7 is specified, as it is associated with the port
combination (1,3), then 1 1s applied to port 1 and -1 1s
applied to port 3, with ports 2 and 4 turned ofl.

It1s noteworthy that 1t may not be necessary to enforce the
constraints 1n the NR specification, 1f the base station can
configure a bitmap for the addressable precoders {for
dynamic signaling. For example, even though there are more
than 64 precoders under beam group k, the base station may
configure a bitmap so the total addressable precoders are
limited to no more than 64, then six bits for W, 1s possible.
Rank 2 Precoder Construction

Under a proposed scheme 1n accordance with the present
disclosure, a rank 2 codebook structure may begin from NR
as follows:

W 1 [ Woo Wo, }
VAN N, LWio Wi
Here, W f_bk1+ku Jertley 1 %Crpy 10,1 I=0,1. Also, c¢,;

denotes co-phasing coeflicients with ¢, ;=1, ¢, ;=-c ;. and
cle{ljJ} with (k; ;".k, ;"E{(0,0),(0, /2 ,0), (Ol,O) (O 3/2,
0)

Similar to the approach above for antenna turn-oil and
phase coherence groups, for DFT-OFDM wavelorms, nec-
essary modification may be applied to the rank 2 codewords
thus obtained to derive PAPR preserving codewords. For
example, the base station may provide to the UE a TPMI
which may be mapped to a rank 2 codeword as follows (with
unit amplitude for each element and phase in degrees):

it i

‘9 0 -
45 225
0 180
45 45

The, for DF'T-OFDM wavetiorms, the UE may understand
it as follows:

0y -
45 X

X 180 ]
X 45

Here, X denotes no transmission for the specified layer at
the given antenna port. In the given example, the UE does
not user ports 3 and 4 for layer 1, and the UE does not use
ports 1 and 2 for layer 2. The modification mask (([1 X; 1
X; X 1 X 1] as used in this example) may be provided by the
base station for all codewords or, alternatively, different
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modification masks may be used for codewords. It can be
verified that most of the PAPR preserving rank 2 codewords
from Rel-10 4Tx UL can be generated through applying a
mask to the NR Rel-15 4Tx DL codewords at rank 2.
Accordingly, the codebooks for different purposes may be
embedded 1n a single codebook and the meaning taken at a
UE may be modified according to the signaling from the
base station (e.g., via RRC signaling and/or MAC CE). The
applied precoder may be a result of dynamic signaling and
semi-statical signaling, including possible CSR.

Besides the above designs and constructions, additional
designs and constructions in accordance with the present

disclosure are described below. It can be verified that Rel-&
DL 4Tx rank 2 codebook, the rank 2 mutually-unbiased

bases (MUB) extension from Rel-10 UL 4TX rank 1 code-
book, and the Rel-15 DL NR 4Tx rank 2 codebook are
completely covered by the designed codebook proposed by
the present disclosure.

Rel-10 UL 4Tx codebook uses MUBs to construct rank 1
codewords, and different design principles and consider-
ations were used to construct codewords for rank 2, rank 3
and rank 4. Under a proposed scheme in accordance with the
present disclosure, rank 1 codewords according to Rel-10
UL 4Tx codebook can be used through the Householder
transformation to construct rank 1, rank 2, rank 3 and rank
4 codewords.

Under the proposed scheme, development of a codebook
for a 4Tx antenna configuration may start with five MUBs
at dimension 4 as follows:

"1 00 07 1 1 1
y 010 0 y 1 R |
"TTloo 1ol 21 -1 -1 1
0001 -1 1 -1
1 1 1 17 1 1 1 1
11-1 -1 1 1 1{\—-7 = J ]
MZZ_ i . 5M3:_ . e
2\ —-j § ] - 20 —j ] 7 -]
—j J —=j -1 1 =1 1
1 1 1 1
1|\ =7 =7 J ]
M, = —
*Tolot 1 -1 1
-5 5 5 =7

From MUB k, one vector q, may be chosen to construct
a 4x4 precoder. For example, from M,, the third vector may
be chosen and may be denoted as follows:

q,="2(1,-1,-1,1)".

Under the proposed scheme, Householder transformation
may be applied on g, to obtain the 4x4 precoder as follows:

) =14,4—2q:4 /ff;: g1

Let ¢, be the 4x1 vector with zeros at all elements except
clement 1, with the value at element 1 being 1. Then, four
rank 1 precoders may be generated for MUB k as follows:

W®e i=1,2,3 4.

Additionally, six rank 2 precoders may be generated for
MUB k as follows:

Wlee),1,j=1,2,3,4,ixj.

Under the proposed scheme, to minimize, reduce or
otherwise control the signaling overhead, four out of the six
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precoders in the codebook may be chosen according to a
chordal distance metric (e.g., choosing precoders with a
chordal distance less than a predefined value). For example,
the following chordal distance metric may be chosen:
(1,1)=(1,2),(2,3),(3,4),(4,1). Accordingly, a chord distance
profile for all rank 2 precoders constructed thereby from
M,.A,M, may compare favorably with (e.g., shorter than)
that for the rank 2 precoders from Rel-8 DL 4Tx codebook.

Under the proposed scheme, four rank 3 precoders may be
generated for MUB k as follows:

W(k) [Eiejef] ,,(I.,j, Z):(l :2:3):(1 :2:4):(1 :3 :4):(2:3 :4)

Assuming all four spatial layers are mapped to one

transport block, one rank 4 precoder may be generated for
MUB k as follows:

W [e eseze4].

In an event that four spatial layers can be mapped to two
transport blocks or NR codeword mapping can be further
optimized in the future, then under the proposed scheme
layer permutation as in Rel-8 4Tx codebook may also be
considered.

In an event that M,, 1s also included along with M, to M,,
then under the proposed scheme port selection precoders
may also be included 1n the resulted codebook.

In an event that a dual-stage codebook 1s preferred (e.g.,
to achieve some commonality with the ULA-motivated
component codebook as discussed below), then under the
proposed scheme W% may take the role of W, and, addi-
tionally, [e,Ae,] may take the role of W,.

There may be some benefit in aligning the NR 4Tx UL
codebook with the LTE 4Tx UL codebook, at least for the
common part. Specifically, the following may be verified:
(a) WWe i=1,2.3.4 generate precoders 0,2,8,10 at rank 1
from Rel-10 4Tx UL codebook; (b) W®e,i=1,2,3,4 gener-
ate precoders 1,3,9,11, at rank 1 from Rel-10 4Tx UL
codebook; (¢) W% ,i=1,2,3,4 generate precoders 5,7,13,15
at rank 1 from Rel-10 4Tx UL codebook; and (d) W*e,,
1=1,2,3,4 generate precoders 4,6,12,14 atrank 1 from Rel-10
4'Tx UL codebook. Accordingly, the considered codebook
design for ranks 1~4 may be considered as an extension
from rank 1 precoders 0~15 of the Rel-10 4Tx UL codebook.

In an event that additional orthogonal bases besides the
above four or five MUBs are used 1n codebook construction,
then under the proposed scheme a larger codebook may be
obtained. Enforcing a constraint of using the alphabet {1,-
1,j,—j} and nothing else to construct vectors, there may be a
total of sixty orthogonal bases over the four-dimension
space. All the sixty orthogonal bases may be generated as
described below.

Under the proposed scheme, firstly, four orthogonal bases
(with each column thereof being for a respective vector)
may be defined as follows:
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Then, each orthogonal basis with alphabet {1,-1,j,—j}
may be represented by a collection of column vectors as
follows:

vk:l.vk,lvkgvkjvk,ﬁd: tor k=1,A,60.

It can be verified that all the column vectors v,, 1=<k=60,
may be obtained through the following:

<
o
|

pmka

with ri 1, A, rea €141, =1, j, = j},

and 1 =my, < 4.

Specifically, the four MUBs used previously may be
expressed as follows:

|
b

1
PlaMZZQ

|
P1=M4:2

=
|

|
b

Similar phase rotations may be appliedto P, ..., P,, for

example, as follows:

1 ] 1
M 1 Py Mo = 2| P
> — 1 29 6 — E —‘)i' 2
1 J
1 ] 1
—J 1 —=J
My = Py, Mg = - P;.
7 _ 2 8 3 1 2
_1_ ]
Then, M,, . . . , My may be used i the codebook
construction.

Under a proposed scheme in accordance with the present
disclosure, four vectors may be defined as follows:

| | 1 1
V1=[1},V2=[_1},V3= o714 > V4 = _ oA [

Under the proposed scheme, for a first approach (or “First
Construction™) a number of C,%, k=1, 2,A,16 matrices may

be defined as follows:
1. eight matrices C,"™, k=1,A, 8, from

Voie

_‘;’f’l Vaic

Vi+e V]t+e

3
—V24c } [ ‘;bl Vite

V]+e

[ V]+c } [ Vite
)
Vite —Vitc Vatc

where ¢=0, 2, ¢,=1, j,

)
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12
2. eight matrices W,%®, k=9,A,16, from

PR I P
davi dova | L dava davy |

where ¢,=1,3,—1,-.

Here, a rank 2 precoder may be given by:

o Jri2-n

4

EﬁrﬁZ-n

1 4 4 4 4 4 44 2 4 4 4 4 4 4 43
DH

n=0,1,2,3,k=1,2, A, 16,

Under the proposed scheme, for a second approach (or
“Second Construction”) another codebook, which 1s
chordal-distance equivalent to the codebook above, may be
defined as follows:

1. eight matrices from

Vi4e Vite Vate

3 3
—V2+c} [¢1V1+c — D1 Vate

Vite

[ Vitc } [ Vi+e
3
Vite —Vi+c Vate

where ¢=0,2, ¢,=1,.
2. eight matrices from

[ V3 V4

o g
d2vs Gava | | dava davs |

where ¢,=1,1,-1, .
Here, a rank 2 precoder may be given by:

o Jri2n

Y n=0,1.2.3. k=12 A, 16.

P Jri2n

14444444244444443
DH

In general, a diagonal matrix R (R=diag([1 ¢° 1 &°]) for
cach 0) may be multiplied from the left side to 8 matrices
from (2) along with the 8 matrices 1 (1) above under the
Second Construction to obtain another chordal-distance
equivalent codebook with the First Construction.

Under the proposed scheme, for a third approach (or
“Third Construction™), a codebook may be defined as fol-
lows:

1. four matrices C,'® from

| V1] Vo
b b b
Vo —V2 h1vy —@P1v2

|
A |

where
q)l:l: .]
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Here, a rank 2 precoder may be given by:

P Jrnid-n

. Jridn

14444444244444443
Dﬂ

n=0,1,A,7, k=1,2,A,4 or any of the eight matrices from

PR e
d2vs dava | [ dava gavs |

where ¢,=1,1,—1,-1.
Alternatively,

PP P
davi avy | L dava davy

may be used 1n the construction, as codewords resulted from
them are chordal-distance equivalent with codewords
resulted from

PR e
davs Bava | | dava ¢ovs |

It 1s noteworthy that, in all the constructions, some code-
words may be taken out (e.g., not requiring to cover all
codewords from an existing codebook). Moreover, addi-
tional codewords may be included. In the NR DL 4Tx
codebook design,

o
Vi =

may be included along with

even though they generate chordal-distance equivalent code-
words. A similar practice may be adopted here and C*” may
include more matrices.

Under the proposed scheme, for a fourth approach (or
“Fourth Construction™), a codebook construction may be
pursued as an antenna port re-indexing. For that, permuta-
tion matrices may be introduced in the codebook construc-
tion. From a first codebook, such as a dual-stage codebook
W, OW_ ™ where k is a generic index (e.g., k=(1, .1, 5,
1, 3)), and m 1s a generic mdex (e.g., n=(1,,n)) as m TS
38.214 (v.0.1.2 September 2017), an enlarged codebook may
be given by P, W, OW., ") where 1=k, <K, and P, denotes

a permutation matrix. One example 1s provided below
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With the NR DL 4Tx codebook with L=1, the following
permutation matrices may be applied to the rank 2 precoder

Wl(k)wz(m):
1 0 0 07
0 1 0 0O
P =
0 0 1 0O
0 0 0 1]
0 0 0 17
0 0 1 0O
P> =
0 1 0 0O
1 0 0 0]
0 0 1 07
0 0 0 1
P; =
0 1 0 0O
1 0 0 0
01 0 07
0 0 1 0
Py =
0 0 0 1
1 0 0 0

In this case, a beam group may be determined by k and the
permutation matrix index. For a UE, the permutation matrix
index may be determined 1n a long-term basis (e.g., through
radio resource control (RRC) signaling and/or media access
control (MAC) control element (CE) as part of codebook

subset restriction (CSR) or independent of CSR), so the
teedback overhead of the enlarged codebook may remain
unchanged compared to the original codebook (e.g., NR DL
4'Tx codebook). With the above example, the Rel-8 rank 2
4'Tx codebook and Rel-15 NR rank 2 4Tx codebook are
covered by the proposed design.

It 1s noteworthy that, for other ranks, the same or different
permutation matrices may be 1dentified to enlarge the code-
book. In summary, applying permutation matrices to an
existing or a first codebook to obtain an enlarged or second
codebook may be treated as a generic way to handle irregu-
lar antenna configuration. For First Construction, Second
Construction and Third Construction described above, using
rotations from the First Construction, Second Construction
and Third Construction, a number of permutation matrices
P, and Q, may be used to enlarge the codebook, such as
P, D Qr,Co ®),

Codebook Based Transmission

Under a proposed scheme 1n accordance with the present
disclosure, a procedure shown in FIG. 1 may be utilized 1n
terms of coherence group configuration and the use of
corresponding codebooks. FIG. 1 illustrates an example
message chain of a procedure 100 for UL codebook-based
transmission involving a UE 110 and a network node 120 1n
accordance with the present disclosure.

Referring to FIG. 1, at step (1) of procedure 100, UE 110
transmits a reporting to network node 120 about Tx-chain
coherence grouping, analog beam grouping and simultane-
ous transmission grouping. At step (2) of procedure 100,
network node 120 transmaits signaling to UE 110 to configure
SRS resources and an SRS resource indicator (SRI), trans-
mitted rank indicator (TRI) and/or precoding matrix indica-
tor (PMI) mapping table (including possible codebook sub-
set restriction) at UE 110. Specifically, at step (2a), network
node 120 may configure SRS transmission parameters for
RPD probing and calibration. Additionally, at step (26), UE

110 may perform SRS transmaission to network node 120 for
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RPD calibration. Moreover, at step (2¢), network node 120
may transmit signaling to UE 110 to reconfigure an SRI/
TRI/TPMI mapping table (including possible codebook sub-
set restriction). At step (3) of procedure 100, UE 110 may
perform transmission from SRS resources for UL channel
state information (CSI) acquisition. At step (4) of procedure

100, network node 120 may transmit signaling to UE 110 for
PUSCH scheduling with SRI/TRI/TPMI signaling 1n an UL

downlink control information (DCI). At step (5) of proce-
dure 100, UE 110 may look up a codebook according to the
SRI/TRI/TPMI signaling from network node 120, and UE
110 may apply a precoder for the codebook according to the

signaled PMI.

Under a proposed scheme in accordance with the present
disclosure, there may be a number of options concerning the
coherence group configuration and the usage of code-
book(s). In a first option (option 1), the concept of coherence
group may be used 1n the definition of a codebook, but the

SRI/TRI/TPMI signaling design may support dynamically
indicated selection of a codeword from any codebook. FIG.
2 1llustrates an example concept 200 of option 1 1n accor-
dance with the present disclosure. In concept 200, the
port-selection codebook and port-selection-and-combining,
codebook may be recursively constructed codebooks.

In a second option (option 2), a network node (e.g., gNB)
may signal a coherence group configuration through RRC
signaling or MAC CE to a UE. Moreover, dynamic signaling
with an UL DCI may be used to select one or more
codewords from a codebook specifically defined for that
coherence group configuration. FIG. 3 1llustrates an example
concept 300 of option 2 in accordance with the present
disclosure.

In a third option (option 3), a network node (e.g., gNB)
may signal a coherence group configuration through RRC or
MAC CE to a UE. As the number of codewords under the
codebook with four coherence groups (port-selection code-
book) may be limited, and the port-selection codebook may
offer useful support for antenna gain imbalance (AGI), the
codebook with four coherence groups may be supported
with the case of two coherence group configuration and the
case ol one coherence group, respectively. FIG. 4 1llustrates
an example concept 400 of option 3 1n accordance with the
present disclosure. In concept 400, port-selection codebook
may be used jointly with port-combining codebook or the
recursively constructed codebook with two coherence
groups. It 1s noteworthy that, with option 3 for a UE
configured with one coherence group (e.g., from the per-
spective of the network the UE may be capable of phase
coherence transmission from all four Tx chains), the net-
work node may signal a codeword from the port-selection
codebook or the port-combining codebook dynamically.

Accordingly, a precoder selection at a base station/net-
work node (e.g., gNB) may not be constrained by the
coherence group signaling from a UE (e.g., option 1 and
option 3). The concept of coherence group may be used 1n
the definition of a codebook, but the SRI/TRI/TPMI signal-
ing design may support dynamically indicated selection of a
codeword from any codebook. This may be important and
beneficial in addressing UL transmission power 1ssues.
Port Combining Uplink Codebook Design

In view of the above, 1t 1s desirable to have a codebook
which supports both uniform linear array (ULA) and non-
ULA antenna configurations. Specifically, a desirable

SG/NR UL codebook may cover all the codewords from
LTE Rel-10 UL 4Tx codebook and NR Rel-15 DL 4Tx

codebook.
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FIG. 5 1llustrates a proposed rank 1 codebook design 500
in accordance with the present disclosure. Referring to FIG.

5, the proposed rank 1 codebook design 500 may cover
Rel-8 four-Tx DL codebook, Rel-10 four-Tx UL codebook

and Rel-15 four-Tx DL codebook.

Under a proposed scheme 1n accordance with the present
disclosure, a proposed NR rank 1 precoder may be defined
with N,=2, with N,=1, O,=4 and L=2. Accordingly, the
following are defined:

‘;‘bn =e'2
|
Um = j_ZEFﬂ_
o O1N]
_[u, u o N
Let B, =" %, %M |, and

Pre; |

A rank 1 precoder may be given by:

1
Wél) w2

\{Z I, f.A°

wherein O<k=N,0,/2-1=3, 1=1, 1=2 and O=n<3.

It 1s noteworthy that the allowed beam selections (1,])=
(1,1),(1,2),(2,1) or (2,2), and ¢, may take a value from 1, j,
-1, —1. Here, ¢, 1s a Lx1 vector with 1 at element 1 and zeros
clsewhere. It 1s also noteworthy that there are 4Tx port
combining 16 rank 1 precoders (the first 16 precoders 1n

Rel-10 4Tx UL codebook are for port combining) from
Rel-10 4Tx UL codebook, and 32 rank 1 precoders from

Rel-15 NR DL 4Tx codebook with L=1. Collecting those
vectors together, 40 unique precoders (with 8 precoders
being common 1n both codebooks) may be obtained.

It 1s noteworthy that the allowed range for each parameter
may be restricted with CSR.

To support the same 4TX port combining rank 1 precoders
from Rel-10 UL 4Tx codebook, some CSR may be taken.
For instance, beam group restriction k=0,2 may be taken
(e.g., k=1,3), which may lead to one bit saving for signaling
on W,. Moreover, the allowed co-phasing values may
depend on the beam selection pairs. For k=0, for beam
selection (1,j)=(1,1) or (2,2), co-phasing values from {j,—j}
may be allowed; and for beam selection (1,5)=(1,2),(2,1),
co-phasing values from {1,-1} may be allowed. For k=2, for
beam selection (1,)=(1,2) or (2,1), co-phasing values from
{i,—1} may be allowed; and for beam selection (i,j)=(1,1),
(2,2), co-phasing values from {1,-1} may be allowed.
Accordingly, one bit saving may be achieved for signaling
on W,.

To support the same rank 1 precoders as from Rel-15 DL
4Tx codebook, a CSR may be taken. Specifically, beam
selection (1,j) may be limited to (1,1), (2,2). For 1nstance,
(1,2) and (2,1) may not be allowed.

At a base station/network node, as the antenna form factor
1s less an 1ssue than that at a UE, typically ULA 1s assumed
for antennas/antenna elements for one polarization, and a
two-dimensional (2D) array of cross-pol antenna pairs 1s
often assumed as 1n frequency division multiple-input-and-

multiple-output (FD-MIMO).
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FIG. 6 illustrates example scenarios 600A and 600B in
accordance with the present disclosure. Referring to FIG. 6,
scenar1o 600A depicts an example ULA response, where a
signal emitting from a signal source impinges a uniform
linear array. The signal model 1s formulated for receive as
often used 1n array signal processing. The signal model for
transmit can be formulated similarly. The phase difference
among receivers X, 1=i<N, may be determined by the

projections d, of antenna positions to the wave propagation

direction. The array response vector may be determined by
the phase profile d,, d,,A and d,:

P(dy, dp, A, dy) = €

In the case of ULA, as d, has a uniform difference (e.g.,
d.. ,—d=A, with A being the antenna spacing), the phase
difference 1s also uniform. DFT beams may be used to match
the phase diflerence. Thus, high-gain coherent transmissions
and receptions may be achieved.

However, at the UE side, an 1rregular antenna placement
may arise¢ as shown in scenario 600B. In general, the
differences between neighboring projections d, may be non-
uniform, and 1t may be diflicult to use any DFT beam to
approximate P(d,,d,,A,d.,) directly. Yet, the phase profile
may be better approximated by re-arranging d,, d,, A and
d.. For example, for a particular antenna placement, 1t may
be possible to approximate P(d,.d,,d,,A.d,,_,) well with a
DFT beam while P(d,,d,.A,d,;) 1s not well approximated by
any DFT beam. In other words, a premutation of the antenna
ports 1n this case may be helptul.

Starting with a first codebook (e.g., a dual-stage code-
book):

where k 1s a generic index (e.g., k=(1;, ;,1; 5,1; 3)), m 1S a
generic index (e.g., m=(1,)), and 1, ;.1 5,1, 5,1, as 1n IS
38.214 (V.0.1.2 September 2017), then an enlarged code-
book may be constructed through

1
—= 11, W W

Vs

where 1=p=<P, and I1, 1s a permutation matrix.

It 1s noteworthy that the enlarged codebook has P times as
many codewords as the first codebook. In the present
disclosure, the procedure that generates a second codebook
from a first codebook may be referred to as “port permuta-
tion.”

In an event that targeted irregular antenna placements are
known, 1t may be possible to identity the required port
permutations. As there may be many diflerent antenna
placements at UEs, one criterion may be used to 1identify the
shuflling parameters (instead of identifying port permuta-
tions for specific antenna placements). Under a proposed
scheme 1n accordance with the present disclosure, the larger
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codebook resulted from port permutation may cover as
many entries as possible from Rel-8 DL codebook design
and Rel-15 NR DL codebook design as well as the MUB
extension from Rel-10 UL codebook. It 1s also desirable to
use port permutations as few times as possible to cover the
codewords of reference codebooks (e.g., Rel-8, Rel-10,
Rel-15 codebooks) as the number of port permutations
directly contributes to the signaling overhead in the UL DCI.

With port permutations, the design space includes two
parts: (1) the choice of the first codebook and (2) the choice
of port permutations. Accordingly, two constructions (“Con-
struction A” and “Construction B”) as shown in the table
below may be provided.

Number of
First Codebook Port Permutations Codewords
Construc- NR Rel-15 DL 4Tx (1234), (1243), 128
tion A codebook (1324), (1423)
Construc- Variation of NR Rel-15 (1234), (1324) 64
tion B DL 4Tx codebook

FIG. 7 illustrates a proposed rank 2 codebook design 700

in accordance with the present disclosure. Referring to FIG.
7, either Construction A or Construction B covers Rel-8 4Tx
DL codebook, extension from Rel-10 4Tx UL codebook and
Rel-15 4Tx DL codebook.

With respect to Construction A, starting with NR Rel-15
4Tx DL codebook with L=1, port permutations (1243),

(1324), (1423) besides (1234) for the original codebook may
be used to obtain an enlarged codebook with 128 codewords.

The constructed codebook covers all codewords from Rel-
15 4Tx DL codebook, Rel-8 4Tx codebook and Rel-10 UL

4'Tx codebook. With respect to Construction B, the first
codebook may be based on beam vector combination design,
and the enlarged codebook may be based on the use of

permutation matrices. In total 64 codewords may be present

in the enlarged codebook. It can be verified that Rel-8 DL
4Tx rank 2 codebook, rank 2 MUB extension from Rel-10
UL 4Tx rank 1 codebook and Rel-15 DL NR 471X rank 2

codebook are completely covered by the designed code-
books.

For rank 2 under Construction A, with the NR DL 4Tx
codebook with L=1, the following permutation matrices
may be applied:

1 0 0 0
0 1 0 0O
[1, = denoted as permutation (1234),
0 0 1 0O
0 0 0 1
1] 0 0 0
0 1 0 0O
[1, = denoted as permutation (1243),
0 0 0 1
0 0 1 0
1] 0 0 0O
0 0 1 0O
[15; = denoted as permutation (1324),
0 1 0 0O
0 0 0 1
1 0 0 0
0 0 0 1
[, = denoted as permutation (1423).
0 1 0 0O
0 0 1 0
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-continued

Moreover,

1
— I, W wi

75 "

may be used to generate 128 rank 2 codewords, p=1, 2, 3, 4,
O=<k=N,0O,-1,n=1,2.

For rank 2 under Construction B, let N,=2, N,=1 and
O,=4. The following may be used to generate 64 codewords:

1
—ILW"W® 0<k<NO -1

NG "

Here, P, with p=1,2 may be given by:

—

(g

|
o = O D
e B e B e

— O 2
= O =

The definition of W, may be the same as in NR DL 4Tx
codebook.

Let «,, =

_ [ U oN
Bk—[ : k+——1—2——1]

B
wﬁ”:[ ‘ ],ngwlal—l.
By

Two alternatives for W,® may be provided as a first
alternative (Alt 1) and a second alternative (Alt 2) as
follows:

Alt 1

Alt 2
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-continued
(2) &1 &1 &1 &9 &1 &1 &1 &9
Wﬂ E n " »
e —e1| ler —ex| |lex —ex| |lex —e
or
i el €14in - |
LV{Z)EE 2,2
H
Cltin) TCltalinghipp) |
b
aliz, inp) =mod(izy + i22,2),0=< iy, ihp <1
J
It 1s noteworthy that it 1s unnecessary to include both
-
€1 —€)
and
je, —Jjey

for W, ) as they generate chordal-distance equivalent code-

words, and either one 1s suflicient. Also, 1t 1s unnecessary to
include both

€1 €1 €1 €1
and | _
€2 —e2 J€r —JEr

for W, ® as they generate chordal-distance equivalent code-
words.

The aggregation of SRS resources along with PMI(s) may
be used to indicate the wideband or subband precoders for
UL transmissions. For instance, SRS resources 1, 2, 3 and 4
may be aggregated to be used together with a 4Tx codebook.
A single implicit mapping from those SRS resources to
codebook antenna ports may be assumed. In view of the
above, 1t may not be suilicient to assume a single order for
SRS resources to provide good support to diverse antenna
placement scenarios.

Under a proposed scheme 1n accordance with the present
disclosure, there may be a number of approaches to provide
specification support for the codebook through port permu-
tations, as described below.

Under a first approach, 1n an event that SRS resources
with a single port for each SRS resource are used for an UL
codebook, with the order of SRS resources mapped to the
codebook ports being indicated to a UE, then it may be
suilicient to use the first codebook (and no other codebooks)
for PMI definition. For example, the network node (e.g.,
gINB) may indicate that SRS resources 1, 2, 3 and 4 are used
for a signaled PMI. In one case the network node may signal
that SRS resources 1, 2, 3 and 4 are mapped to ports 1, 2 3
and 4 (e.g., through the signaling of a list of SRIs or index
to that list: (1, 2, 3, 4)). In another case, the network node
may signal that SRS resources 1, 3, 2 and 4 are mapped to
ports 1, 2, 3 and 4 (e.g., through the signaling of a list of
SRIs or index to that list: (1, 3, 2, 4)). Two 1illustrative
examples are depicted 1n FIG. 8 and FIG. 9. FIG. 8 1llus-

trates an example scenario 800 of port permutation (1234 )
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indication from SRI signaling. FIG. 9 illustrates an example
scenar1o 900 of port permutation (1324 ) indication from SRI
signaling.

Under a second approach, 1n an event that SRS resources
with a single port for each SRS resource are used for an UL
codebook, with the order of SRS resources mapped to the
codebook ports being fixed, then indication of the permu-
tation of the SRS resources may be necessary for PMI
definition. For example, the network node (e.g., gNB) may
indicate that SRS resources 1, 2, 3 and 4 are used for the
signaled PMI. In one design option, the network node may
signal the permutation of SRS resources (e.g., (1, 2,3, 4) or
(1, 3, 2, 4) to the UE), and the PMI may be for the first
codebook. In another design option, as shown in FIG. 10, the
permutation may be integrated 1n the PMI definition, and the
PMI may be for the second codebook. FIG. 10 illustrates an
example scenario 1000 of port permutation as an integral
part of the codebook definition.

Under a third approach, 1n an event that a single SRS
resource with multiple ports 1s used for an UL codebook,
indication of the permutation of SRS ports may be necessary
tor PMI definition. For example, the network node (e.g.,
gNB) may indicate an SRS resource with ports 1, 2, 3 and
4 for a signaled PMI. In one design option, the network node
may signal the permutation of SRS ports (e.g., (1, 2,3, 4) or
(1, 3, 2, 4) to the UE), and the PMI may be for the first
codebook. In another design option, the permutation of SRS
ports may be integrated in the PMI definition, and the PMI
may be for the second codebook.

In view of the above, since the number of codewords 1n
Construction B described above 1s limited (to 64), Construc-
tion B may be a more reasonable choice between Construc-

tion A and Construction B to be adopted for NR UL 4Tx rank
2 codebook.
Codebook Subset Restriction

Under a proposed scheme in accordance with the present
disclosure, for UL codebook-based transmissions with one
SRS resource and a given number of SRS ports, overhead
reduction for TPMI and TPMlI-related signaling may be
achieved. A number of cases are described below.

In a first case (“case 17), with no coherence among Tx
chains, two ports out of four ports may be chosen for rank
2 transmission.

In a second case (“case 27°), rank 2 transmission may
come from the same coherence group. In this case, the
two-transmitter (21x) codebook for rank 2 may be applied.
As there are two ways to select a coherence group, there are
two ways to choose a rank 2 2Tx precoder (assuming the
same construction for 2Tx UL codebook).

In a third case (“‘case 37), the AGI 1ssue may arise even
with full coherence. Hence, port selection may be over all
four ports instead of being limited to ports in the same
coherence group as in case 2. It i1s noteworthy that in
counting the number of code states, double counting 1is
avoilded by discarding the precoders already covered 1n case
3. That 1s, 6 (the total combinations under case 3)-2 (the
total combinations under case 2)x2 (the number of rank 2 Tx
precoders)=8.

In a fourth case (*case 47°), one spatial layer transmission
may come from coherence group 1, with another spatial
layer group from coherence group 2. Hence, rank 1 precod-
ers over 2Tx may be used over each coherence group.
Following the design for the 2'Tx codebook, there may be six
rank 1 precoders, and so there are 6x6 ways to pair up
precoders over two coherence groups. Here, four precoders

already covered 1n case 1 are excluded.
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In a fifth case (“case 57), for tull coherence, in the
calculation below, 1f the Rel-8 4Tx codebook 1s used then
there are 16 entries.

In total, there may be 66 code states for the 4Tx rank 2
transmission. In an event that no codebook subset restriction
(CSR) 15 applied, or even 11 applied but not retlected 1n the
DL signaling, then ceil(log 2(66))=6 bits are required for
TPMI signaling. The table below summarizes the five cases
described above. In the table, “CAG” denotes coherence
antenna group, “4 CAGs” denotes no coherence, “1 CAG”
denotes full coherence, “2 CAGs” denotes partial coherence
with ports 1 and 2 forming one coherence group and ports
3 and 4 forming another coherence group.

# of
Precoders # of
TRI Port at Selected Code
Value Selection Ports States Notes
Casel 4 CAGs 2 nchoosek 1 6
(4, 2)
Case 2 2 CAGs 2 2 2 4 Identity matrix
(2, 0) 1s covered
by 4 CAGs
Case 3 AGI 2 nchoosek 2 8 Exclude 2
(4, 2) combinations
covered by 2
CAGs (2, 0)
Case4 2 CAGs 2 1 6x6-4 32 {[10],[01]} x
(1, 1) {1 0], [01]) is
covered by 4
CAGs
Case 5 1 CAG 2 1 16 16
Total 66
Thus, CSR according to coherence group may provide

saving. For example, with one coherence group without the
AGI 1ssue (e.g., case J), then ce1l(log 2(16))=4 bits would be

needed. Advantageously, 3 bits can be saved compared to the
case with a fixed TPMI size of 7 bits. With one coherence
group and the AGI 1ssue (e.g., case 5 plus case 3), then
ceil(log 2(16+48))=5 bits would be needed. Advantageously,
2 bits can be saved compared to the case with a fixed TPMI
s1ze of 7 bats.

For case 5, 1n an event that the dual-stage codebook as
proposed 1n the present disclosure 1s utilized instead of the
Rel-8 4Tx codebook, the base station may select useful
codewords accordingly. As described above, the proposed
dual-stage codebook may include codewords for ULA and
non-ULA antenna configurations. The base station may
settle with one group (e.g., codewords for ULA) to reduce
the signaling overhead. In this case, CSR may become a very
usetul tool to reconcile two somewhat contlicting design
goals, namely: (1) having as many codewords as possible to
cover diverse scenarios, and (2) having as few codewords as
possible to minimize PMI-related signaling overhead. Con-
sidering the benefits provided by CSR, it would be advan-
tageous for the base station to have flexibility in deciding
what codewords can be used for UL MIMO. Thus, under the
proposed scheme, a base station may be capable of signaling
to a UE a codebook subset restriction with a bitmap for an
UL codebook through RRC signaling. The length of the

bitmap may be equal to a number of precoders in the
codebook.
[lustrative Implementations

FIG. 11 1illustrates an example wireless communication
environment 1100 in accordance with an implementation of
the present disclosure. Wireless communication environ-
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ment 1100 may involve a communication apparatus 1110
and a network apparatus 1120 1n wireless communication
with each other. Each of communication apparatus 1110 and
network apparatus 1120 may perform various functions to
implement procedures, schemes, techniques, processes and
methods described herein pertaining to codebook-based
uplink transmission 1 wireless communications, including,
the various procedures, scenarios, schemes, solutions, con-
cepts and techniques described above as well as process
1200 described below. Thus, communication apparatus 1110
may be an example implementation of UE 110 in procedure
100, and network apparatus 1120 may be an example
implementation of network node 120 1n procedure 100.

Communication apparatus 1110 may be a part of an
clectronic apparatus, which may be a UE such as a portable
or mobile apparatus, a wearable apparatus, a wireless com-
munication apparatus or a computing apparatus. For
instance, communication apparatus 1110 may be imple-
mented in a smartphone, a smartwatch, a personal digital
assistant, a digital camera, or a computing equipment such
as a tablet computer, a laptop computer or a notebook
computer. Moreover, communication apparatus 1110 may
also be a part of a machine type apparatus, which may be an
IoT or NB-Io'T apparatus such as an immobile or a stationary
apparatus, a home apparatus, a wire communication appa-
ratus or a computing apparatus. For mstance, communica-
tion apparatus 1110 may be implemented 1n a smart ther-
mostat, a smart fridge, a smart door lock, a wireless speaker
or a home control center. Alternatively, communication
apparatus 1110 may be implemented 1n the form of one or
more ntegrated-circuit (IC) chips such as, for example and
without limitation, one or more single-core processors, one
or more multi-core processors, one or more reduced-instruc-
tion-set-computing (RISC) processors or one or more com-
plex-nstruction-set-computing (CISC) processors.

Communication apparatus 1110 may include at least some
of those components shown in FIG. 11 such as a processor
1112, for example. Communication apparatus 1110 may
turther include one or more other components not pertinent
to the proposed scheme of the present disclosure (e.g.,
internal power supply, display device and/or user interface
device), and, thus, such component(s) of communication
apparatus 1110 are neither shown in FIG. 11 nor described
below 1n the interest of simplicity and brevity.

Network apparatus 1120 may be a part of an electronic
apparatus, which may be a network node such as a TRP, a
base station, a small cell, a router or a gateway. For 1nstance,

network apparatus 1120 may be implemented in an eNodeB
in an LTE, LTE-Advanced or LTE-Advanced Pro network or

ina gNB ina 535G, NR, IoT or NB-IoT network. Alternatively,
network apparatus 1120 may be implemented 1n the form of
one or more IC chips such as, for example and without
limitation, one or more single-core processors, one or more
multi-core processors, one or more RISC processors, or one
or more CISC processors.

Network apparatus 1120 may include at least some of
those components shown in FIG. 11 such as a processor
1122, for example. Network apparatus 1120 may further
include one or more other components not pertinent to the
proposed scheme of the present disclosure (e.g., internal
power supply, display device and/or user interface device),
and, thus, such component(s) of network apparatus 1120 are
neither shown 1n FIG. 11 nor described below in the interest
of simplicity and brevity.

In one aspect, each of processor 1112 and processor 1122
may be implemented 1n the form of one or more single-core
pProcessors, one or more multi-core processors, one or more
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RISC processors, or one or more CISC processors. That 1s,
even though a singular term “a processor” 1s used herein to
refer to processor 1112 and processor 1122, each of proces-
sor 1112 and processor 1122 may include multiple proces-
sors 1n some 1mplementations and a single processor in other
implementations in accordance with the present disclosure.
In another aspect, each of processor 1112 and processor 1122
may be implemented in the form of hardware (and, option-
ally, firmware) with electronic components including, for
example and without limitation, one or more transistors, one
or more diodes, one or more capacitors, one oOr more
resistors, one or more inductors, one or more memristors
and/or one or more varactors that are configured and
arranged to achieve specific purposes 1n accordance with the
present disclosure. In other words, 1n at least some 1mple-
mentations, each of processor 1112 and processor 1122 1s a
special-purpose machine specifically designed, arranged and
configured to perform specific tasks pertaining to codebook-
based uplink transmission i wireless communications in
accordance with various implementations of the present
disclosure.

In some implementations, communication apparatus 1110
may also include a transceiver 1116 coupled to processor
1112 and capable of wirelessly transmitting and receiving
data, signals and information. In some implementations,
transceiver 1116 may be equipped with a plurality of antenna
ports (not shown) such as, for example, four antenna ports.
In some implementations, communication apparatus 1110
may further include a memory 1114 coupled to processor
1112 and capable of being accessed by processor 1112 and
storing data therein. In some implementations, network
apparatus 1120 may also include a transceiver 1126 coupled
to processor 1122 and capable of wirelessly transmitting and
receiving data, signals and information. In some implemen-
tations, network apparatus 1120 may further include a
memory 1124 coupled to processor 1122 and capable of
being accessed by processor 1122 and storing data therein.
Accordingly, communication apparatus 1110 and network
apparatus 1120 may wirelessly communicate with each other
via transceiver 1116 and transceiver 1126, respectively.

To aid better understanding, the following description of
the operations, functionalities and capabilities of each of
communication apparatus 1110 and network apparatus 1120
1s provided in the context of a mobile communication
environment 1 which communication apparatus 1110 1s
implemented 1n or as a communication apparatus or a UE
and network apparatus 1120 1s implemented 1 or as a
network node (e.g., gNB or TRP) of a wireless network (e.g.,
SG/NR mobile network).

In one aspect, processor 1112 of communication appara-
tus 1110 may construct a codebook that includes a plurality
of precoders. Additionally, processor 1112 may process
information using the codebook. Moreover, processor 1112
may transmit, via transceiver 1116, the processed iforma-
tion to network apparatus 1120. In some implementations, in
constructing the codebook, processor 1112 may select a
candidate precoder from a single-stage codebook or a dual-
stage codebook. Furthermore, processor 1112 may perform
a permutation on the candidate precoder.

In some 1mplementations, 1n performing the permutation
on the candidate precoder processor 1112 may perform a
plurality of permutations on the candidate precoder to con-
struct the codebook. In some implementations, the plurality
of permutations may cover a plurality of mutually unbiased
bases, a plurality of codebooks specified in 3rd-Generation
Partnership Project (3GPP) specifications, or a combination
thereof.
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In some 1mplementations, 1n constructing the codebook
processor 1112 may perform a number of operations. For
instance, processor 1112 may select an original codebook
from a plurality of codebooks specified 1n the 3GPP speci-
fications. Additionally, processor 1112 may enlarge the
original codebook by performing one or more permutations
on the original codebook with one or more permutation
matrices to obtain the codebook. In some implementations,
a 1leedback overhead of the codebook may remain
unchanged compared to a feedback overhead of the original
codebook.

In some 1mplementations, in performing the permutation
on the candidate precoder processor 1112 may select a
permutation matrix from a plurality of permutation matrices.
Moreover, processor 1112 may apply the permutation matrix
to the candidate precoder to enlarge the candidate precoder.

In some implementations, in selecting the permutation
matrix processor 1112 may dynamically or semi-statically

receive signaling from network apparatus 1120 indicating
selection of the permutation matrix for constructing the
codebook.

In some implementations, in recerving the signaling pro-
cessor 1112 may receive RRC signaling or a MAC CE as
part of codebook subset restriction (CSR) or independent of
the CSR.

In some implementations, in selecting the permutation
matrix processor 1112 may select the permutation matrix
based on an indication that 1s an 1ntegral part of the code-
book.

In some 1implementations, each of the plurality of permu-
tation matrices may correspond to respective one or more
antenna placement scenarios or one or more codewords.

In some 1mplementations, the candidate precoder may be
a rank 2 precoder.

In some implementations, the codebook may be a rank 2
codebook with a structure of:

W =

1 [ Wg,g

Wo.l }
VAN, N, | Wio

o
Wi

wheremn W _; bk1+,f-:”,kk xc, ;, r=0,1 1=0,1, and

wherein c, ; denotes Co-phasmg coethicients with ¢, =1,
C1 o=—C 1: and ¢, €114}, with (k, ;"k, ;NE{(0,0), (O, /2,0),
(Ol,O) (O -3/2 O)}

In some implementations, in constructing the codebook
processor 1112 may construct the codebook according to the
First Construction as describe above under which:

a number of C,%, k=1,2,A,16 matrices are defined by
either:

1. eight matrices Cz(k),, k=1.A.8, from

Voie

— C‘bl Vate

Vite

Vite } [
)
—V2ic Qf’l Vitc

El

[ V]+c Vite } [ Vite
)
Vite —Vitc Votc

where ¢=0,2, ¢,=1.;, or
2. eight matrices W,*, k=9,A,16, from

[ V] Vz}[ V] Vz}
davi dava | L dava vy |

where ¢,=1,1,—1,-1, and

10

15

20

25

30

35

40

45

50

55

60

65

26
a rank 2 precoder 1s given by:

o Jri2-n

k)
cy,

Eﬁrﬂ-n

144444 44244444443
DH

n=0,1,2,3, k=1,2,A,16.

In some 1mplementations, in constructing the codebook
processor 1112 may construct the codebook according to the

Second Construction as describe above under which the
codebook 1s defined by either:

1. eight matrices from

Voic

_‘:‘bl Vate

Vite

Vi+e } [
3
—V2ic ‘:‘bl Vite

[ ) Vite } [ Vite
Vite —Vite j Vate j
where ¢=0,2, ¢,=1,3.

2. eight matrices from

[ V3 V4}[ V3 V4}
D2vs Pava | | Pava ovs |
where ¢,=1,1,—1,-1,
and

a rank 2 precoder 1s given by:

o Ji2n

k)
5,

Eﬁﬂ“Z-n

144444 44244444443
Dy,

n=0,1,2,3, £k=1,2,A,16.

n=0,1,2,3, k=1,2,A,16.

In some 1implementations, 1n constructing the codebook

processor 1112 may construct the codebook according to the

Third Construction as describe above under which the
codebook 1s defined by:

1. four matrices C,'® from

Vi V] Vi V] V]
2 2
Vi =V Vo —Vva | [ @1V

Va }
—P1 V2
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where
q)lzlaj: Ellld
a rank 2 precoder 1s given by:

P Jridn

P Jrid-n

144444 44244444443
Dﬂ

n=0,1,A.7, k=1,2,A.4 or any of eight matrices from

PR | PSS 13 PR I PR
davs Pava | | dava davs > davi dava | | d2va gavi |

where ¢,=1,1,-1,-.

In some implementations, the codebook may include a
rank 1 precoder with a structure of:

|
W@

\/Z i, f.H?

wherein O<k=N,0,/2-1=3, 1=1, 1=2 and O=n=3,

wherein N,=2, N,=1, O,=4 and L=2,
wherein
|
7
¢, =€’ 2, and u, = am |,
| E Gl Nl ]
and
wherein

i i
B, =% " oM |

wm=[ﬂ” ],and W, -
H BH

i, f.H -

dne; |

In some implementations, the codebook may be a rank 2
codebook with a structure of:

|
L, wow.

Vs

wherein O<k<N, O, x1,
and O,=4,
wherein P, with p=1,2 1s defined by:

)

herein N,=2, N,=1
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-continued

e L s T
—_ 2 2 O

— O 2
= 2 = O

wherein a definition of W’ is same as in a New Radio
downlink four-transmitter codebook,
wherein

By,
1
Wﬁf):[ by, }

0=k=N,0O,-1, and
wherein W, is defined by either a first alternative (Alt
1) or a second alternative (Alt 2) as follows:

Alt 1

Alt 2

A= {

such that

el E1+in » |
Wi e { ,

| Clrizy TClvaligrizg)

aling, lrp) =modiy| + iz2,2), 0 <y, ipp < 1}-

In some 1mplementations, in constructing the codebook
processor 1112 may construct the codebook as an antenna
port re-indexing by applying a plurality of permutation
matrices to a first codebook to enlarge the first codebook.

In some 1mplementations, processor 1112 may receive,
via transceiver 1116, signaling from network apparatus 1120
indicating an order 1n which a plurality of SRS resources are
mapped to a plurality of antenna ports at communication
apparatus 1120 for an uplink transmission. In some 1mple-
mentations, each of one or more of the antenna ports may be
configurable to be mapped to any SRS resource of the
plurality of SRS resources for the uplink transmission using
the codebook.

In some implementations, processor 1112 receive, via
transceiver 1116, signaling from network apparatus 1120
indicating a permutation with respect to an order in which a
plurality of SRS resources are mapped to a plurality of
antenna ports at communication apparatus 1110 for an
uplink transmission. In some 1mplementations, the antenna
ports may be fixedly mapped to the plurality of SRS
resources for the uplink transmission using the codebook.

In some implementations, the signaling may also include
a PMI. In some implementations, the permutation may be an
integral part of 1n a PMI definition with respect to the PMI.

In some 1mplementations, processor 1112 may receive,
via transceiver 1116, signaling from network apparatus 1120
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indicating a CSR with respect to the codebook. Moreover,
processor 1112 may select, based on the CSR, one or more
codewords 1n the codebook. In some implementations, 1n
transmitting the processed information to network apparatus
1120 processor 1112 may transmit the processed information
to network apparatus 1120 using the one or more codewords.

In some implementations, 1n recerving the signaling from
network apparatus 1120 indicating the CSR processor 1112
may recerve the CSR with a bitmap through RRC signaling.
In some 1implementations, a length of the bitmap may equal
a number of precoders in the codebook.

[llustrative Processes

FI1G. 12 illustrates an example process 1200 1in accordance
with an implementation of the present disclosure. Process
1200 may be an example implementation of the various
procedures, scenarios, schemes, solutions, concepts and
techniques, or a combination thereof, whether partially or
completely, with respect to codebook-based uplink trans-
mission 1n wireless communications 1n accordance with the
present disclosure. Process 1200 may represent an aspect of
implementation of features of communication apparatus
1110. Process 1200 may include one or more operations,
actions, or functions as illustrated by one or more of blocks
1210, 1220 and 1230 as well as sub-blocks 1212 and 1214.
Although illustrated as discrete blocks, various blocks of
process 1200 may be divided into additional blocks, com-
bined into fewer blocks, or eliminated, depending on the
desired implementation. Moreover, the blocks of process
1200 may executed in the order shown in FIG. 12 or,
alternatively, 1 a different order, and one or more of the
blocks of process 1200 may be repeated one or more times.
Process 1200 may be implemented by communication appa-
ratus 1110 or any suitable UE or machine type devices.
Solely for 1illustrative purposes and without limitation, pro-
cess 1200 1s described below 1n the context of communica-
tion apparatus 1110 as a UE and network apparatus 1120 as
a network node (e.g., gNB) of a wireless network. Process
1200 may begin at block 1210.

At 1210, process 1200 may mnvolve processor 1112 of
communication apparatus 1110 constructing a codebook that
includes a plurality of precoders. Process 1200 may proceed
from 1210 to 1220.

At 1220, process 1200 may involve processor 1112 pro-
cessing information using the codebook. Process 1200 may
proceed from 1220 to 1230.

At 1230, process 1200 may 1nvolve processor 1112 trans-
mitting, via transceiver 1116, the processed mformation to
network apparatus 1120.

In constructing the codebook, process 1200 may mvolve
processor 1112 performing a number of operations as rep-
resented by sub-blocks 1212 and 1214.

At 1212, process 1200 may 1mvolve processor 1112 select-
ing a candidate precoder from a single-stage codebook or a
dual-stage codebook. Process 1200 may proceed from 1212
to 1214.

At 1214, process 1200 may 1mvolve processor 1112 per-
forming a permutation on the candidate precoder.

In some 1mplementations, in performing the permutation
on the candidate precoder process 1200 may involve pro-
cessor 1112 performing a plurality of permutations on the
candidate precoder to construct the codebook. In some
implementations, the plurality of permutations may cover a
plurality of mutually unbiased bases, a plurality of code-
books specified i1n 3rd-Generation Partnership Project
(3GPP) specifications, or a combination thereof.

In some 1mplementations, in constructing the codebook
process 1200 may involve processor 1112 performing a
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number of operations. For instance, process 1200 may
involve processor 1112 selecting an original codebook from
a plurality of codebooks specified in the 3GPP specifica-
tions. Additionally, process 1200 may involve processor
1112 enlarging the original codebook by performing one or
more permutations on the original codebook with one or
more permutation matrices to obtain the codebook. In some
implementations, a feedback overhead of the codebook may
remain unchanged compared to a feedback overhead of the
original codebook.

In some 1mplementations, 1n performing the permutation
on the candidate precoder process 1200 may involve pro-
cessor 1112 selecting a permutation matrix from a plurality
of permutation matrices. Moreover, process 1200 may
involve processor 1112 applying the permutation matrix to
the candidate precoder to enlarge the candidate precoder.

In some implementations, 1n selecting the permutation
matrix process 1200 may involve processor 1112 dynami-
cally or semi-statically receiving signaling from network
apparatus 1120 indicating selection of the permutation
matrix for constructing the codebook.

In some 1implementations, in receiving the signaling pro-
cess 1200 may involve processor 1112 receiving RRC
signaling or a MAC CE as part of CSR or independent of the
CSR.

In some implementations, 1n selecting the permutation
matrix process 1200 may mvolve processor 1112 selecting
the permutation matrix based on an indication that 1s an
integral part of the codebook.

In some implementations, each of the plurality of permu-
tation matrices may correspond to respective one or more
antenna placement scenarios or one or more codewords.

In some implementations, the candidate precoder may be
a rank 2 precoder.

In some implementations, the codebook may be a rank 2
codebook with a structure of:

wherein W f_bklku Jeyider %€ 1=0,1 1=0,1, and

wherein ¢, ; denotes co-phasmg coeflicients with ¢, =1,
Co.1==C1 1 and ¢, €114}, with (k, "k, ,"E{(0,0),(0, /2,0),
(Ol,O) (O 3/2 O)}

In some 1mplementations, 1n constructing the codebook
process 1200 may involve processor 1112 constructing the
codebook according to the First Construction as describe
above under which:

a number of C,*, k=1,2,A,16 matrices are defined by
either:

3. eight matrices Cz(k),, k=1.A.8, from

Voic

E
_C‘bl Vote

Vite

Vite Vite Vitc Vite
b b
Vite —Vite Vate —Vaie P1V14c

where ¢=0,2, ¢,=1.;, or
4. eight matrices W,%®, k=9,A,16, from

[ V] Vz}[ V] Vz}
davi dava | L dava davy |

where ¢,=1,1,—-1,-7, and
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a rank 2 precoder 1s given by: n=0,1,A.7, k=1,2,A.4 or any of eight matrices from
]
» 5 [ V3 V4} [ V3 V4} [ Vi V42} [ Vi Vz}
ixin . or ) ]
¢ c P2v3 P2va | [ P2v4 P2v3 P2v1 2va | [ P2v2 P2V
1 3
TN
144444 44&44444443 where q);z:l,,j,—l,—j.

o In some implementations, the codebook may include a
n=0,1,2,3, k=172 A,16. rank 1 precoder with a structure of:

In some implementations, in constructing the codebook
process 1200 may involve processor 1112 constructing the Loy
codebook according to the Second Construction as describe 15 va oo
above under which the codebook 1s defined by either:

3. eight matrices from
wherein O<k=N,0,/2-1=3, 1=1, 1=2 and O=n=<3,

wherein N,=2, N,=1, O,=4 and L=2,

[ Vi+e Vite } [ Vite Vite } [ Vite V2+c 20
2 2

Vitde —Vite Vot . —Vaie (,f?lVH_ﬂ _':blVZ—I—(: j Wh@f@ln
where ¢=0.,2, ¢,=1,;.
4. eight matrices from an 1
25 ‘;bn = EJ' 2 . and U = '__ZE”_ .
_EJOIN]- _
[ V3 V4} [ V3 V4]
d2vs Pava ] L P2va ¢P2vs and
SV wherein

where ¢,=1,1,—1,-1,
and
a rank 2 precoder 1s given by:

35
. )
jrj2n Wiz = |
‘ ) P e
1
o720 A0
144444 47244444443 In some implementations, the codebook may be a rank 2
codebook with a structure of:
n=0,1,2,3, k=1,2,A,16.
In some 1mplementations, in constructing the codebook 44
process 1200 may involve processor 1112 constructing the anwfgliwf)ﬁ
codebook according to the Third Construction as describe V8
above under which the codebook 1s defined by:
2. four matrices C,”® from .
wherein O<k=N,O, -1,
50 , : H
wherein N,=2, N,=1 and O,=4,
[Vl ' } [Vl ' } [ ' "2 } wherein P, with p=1,2 is defined by:
vi =vi | vz —v2 ] Ldvi —div2
where 55 E
¢,=1,}, and o I, = 1
a rank 2 precoder 1s given by: 1|
1
1 60
/41
e - 100 0
. 0010
g fmn =10 10 of
14444444Dz;144444443 " 000 1
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wherein a definition of W, is same as in a New Radio
downlink four-transmitter codebook,
wherein

25 i

=
R
1

.__Z?Tm_
TO1N|

0O=<k=N,O,-1, and
wherein W is defined by either a first alternative (Alt
1) or a second alternative (Alt 2) as follows:

Alt 1

Alt 2
€1 €] €1 €2 €1 €] €1 €2
€1 —€1 €1 —€2 €2 —€2 €2 —€]
such that
o J @ Cling
W, &< | - _J
k €l+ip | €1+ﬂ-’(521=52 2)

alin 1, lrp) =mod(iy | + @2, 2),0 <0y, i < 1}-

In some implementations, in constructing the codebook
process 1200 may involve processor 1112 constructing the
codebook as an antenna port re-indexing by applying a
plurality of permutation matrices to a first codebook to
enlarge the first codebook.

In some implementations, process 1200 may further
involve processor 1112 receiving, via transceiver 1116,
signaling from network apparatus 1120 indicating an order
in which a plurality of SRS resources are mapped to a
plurality of antenna ports at communication apparatus 1120
for an uplink transmission. In some implementations, each
ol one or more of the antenna ports may be configurable to
be mapped to any SRS resource of the plurality of SRS
resources for the uplink transmission using the codebook.

In some implementations, process 1200 may further
involve processor 1112 receiving, via transceiver 1116,
signaling from network apparatus 1120 indicating a permu-
tation with respect to an order 1n which a plurality of SRS
resources are mapped to a plurality of antenna ports at
communication apparatus 1110 for an uplink transmission.
In some 1implementations, the antenna ports may be fixedly
mapped to the plurality of SRS resources for the uplink
transmission using the codebook.

In some 1implementations, the signaling may also include
a PMI. In some implementations, the permutation may be an
integral part of 1n a PMI definition with respect to the PMI.

In some implementations, process 1200 may further
involve processor 1112 performing additional operations.
For instance, process 1200 may involve processor 1112
receiving, via transceiver 1116, signaling from network
apparatus 1120 indicating a CSR with respect to the code-
book. Moreover, process 1200 may mvolve processor 1112
selecting, based on the CSR, one or more codewords 1n the
codebook. In some implementations, in transmitting the
processed information to network apparatus 1120 process
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1200 may involve processor 1112 transmitting the processed
information to network apparatus 1120 using the one or
more codewords.

In some 1implementations, 1n receiving the signaling from
network apparatus 1120 indicating the CSR process 1200
may 1nvolve processor 1112 receiving the CSR with a
bitmap through RRC signaling. In some implementations, a

length of the bitmap may equal a number of precoders 1n the
codebook.

Additional Notes

The herein-described subject matter sometimes 1llustrates
different components contained within, or connected with,
different other components. It 1s to be understood that such
depicted architectures are merely examples, and that 1n fact
many other architectures can be implemented which achieve
the same functionality. In a conceptual sense, any arrange-
ment of components to achieve the same functionality 1s
cllectively “associated” such that the desired functionality 1s
achieved. Hence, any two components herein combined to
achieve a particular functionality can be seen as “associated
with” each other such that the desired functionality 1s
achieved, irrespective of architectures or intermedial com-
ponents. Likewise, any two components so associated can
also be viewed as being “operably connected”, or “operably
coupled”, to each other to achieve the desired functionality,
and any two components capable of being so associated can
also be viewed as being “operably couplable”, to each other
to achieve the desired functionality. Specific examples of
operably couplable include but are not limited to physically
mateable and/or physically interacting components and/or
wirelessly interactable and/or wirelessly interacting compo-
nents and/or logically interacting and/or logically inter-
actable components.

Further, with respect to the use of substantially any plural
and/or singular terms herein, those having skill 1n the art can
translate from the plural to the singular and/or from the
singular to the plural as 1s appropriate to the context and/or
application. The various singular/plural permutations may
be expressly set forth herein for sake of clarty.

Moreover, 1t will be understood by those skilled 1n the art
that, in general, terms used herein, and especially i the
appended claims, e.g., bodies of the appended claims, are
generally intended as “open” terms, e.g., the term “includ-
ing”” should be mterpreted as “including but not limited to,”
the term “having” should be interpreted as “having at least,”
the term “includes” should be interpreted as “includes but 1s
not limited to,” etc. It will be further understood by those
within the art that 11 a specific number of an introduced claim
recitation 1s intended, such an intent will be explicitly recited
in the claim, and in the absence of such recitation no such
intent 1s present. For example, as an aid to understanding,
the following appended claims may contain usage of the
introductory phrases “at least one” and “one or more” to
introduce claim recitations. However, the use of such
phrases should not be construed to imply that the introduc-
tion of a claim recitation by the indefinite articles “a” or “an”
limits any particular claim containing such introduced claim
recitation to implementations containing only one such
recitation, even when the same claim includes the introduc-
tory phrases “one or more” or “at least one” and indefinite
articles such as “a” or “an,” e.g., “a” and/or “an” should be
interpreted to mean “at least one” or “one or more;” the same
holds true for the use of definite articles used to introduce
claim recitations. In addition, even 11 a specific number of an
introduced claim recitation 1s explicitly recited, those skilled
in the art will recognize that such recitation should be
interpreted to mean at least the recited number, e.g., the bare
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recitation of “two recitations,” without other modifiers,
means at least two recitations, or two or more recitations.
Furthermore, 1n those instances where a convention analo-
gous to “at least one of A, B, and C, etc.” 1s used, 1n general
such a construction 1s intended 1n the sense one having skill
in the art would understand the convention, e.g., “a system
having at least one of A, B, and C” would include but not be
limited to systems that have A alone, B alone, C alone, A and
B together, A and C together, B and C together, and/or A, B,
and C together, etc. In those nstances where a convention
analogous to “at least one of A, B, or C, etc.” 1s used, 1n
general such a construction 1s intended in the sense one
having skill 1n the art would understand the convention, e.g.,
“a system having at least one of A, B, or C” would include
but not be limited to systems that have A alone, B alone, C
alone, A and B together, A and C together, B and C together,
and/or A, B, and C together, etc. It will be further understood
by those within the art that virtually any disjunctive word
and/or phrase presenting two or more alternative terms,
whether 1n the description, claims, or drawings, should be
understood to contemplate the possibilities of including one
of the terms, either of the terms, or both terms. For example,
the phrase “A or B” will be understood to include the
possibilities of “A” or “B” or “A and B.”

From the foregoing, 1t will be appreciated that various
implementations of the present disclosure have been
described herein for purposes of illustration, and that various
modifications may be made without departing from the
scope and spirit of the present disclosure. Accordingly, the
various implementations disclosed herein are not intended to
be limiting, with the true scope and spirit being indicated by
the following claims.

What 1s claimed 1s:

1. A method, comprising:

constructing, by a processor of a user equipment (UE), a

codebook comprising a plurality of precoders;
processing, by the processor, information using the code-
book: and

transmitting, by the processor, the processed information

to a network node of a wireless network,

wherein the constructing of the codebook comprises:

selecting a candidate precoder from a single-stage
codebook or a dual-stage codebook; and
performing a permutation on the candidate precoder,
wherein the performing of the permutation on the candi-
date precoder comprises:
selecting a permutation matrix from a plurality of
permutation matrices; and
applying the permutation matrix to the candidate pre-
coder to enlarge the candidate precoder such that a
number of codewords in the enlarged candidate
precoder 1s multiple times a number of codewords 1n
the candidate precoder belore the enlarging,
wherein the permutation matrix comprises a square
matrix.

2. The method of claim 1, wherein the performing of the
permutation on the candidate precoder comprises perform-
ing a plurality of permutations on the candidate precoder to
construct the codebook, and wherein the plurality of per-
mutations cover a plurality of mutually unbiased bases,
downlink (DL) four-transmitter (41x) rank 2 codebook 1n
release 8 (Rel-8), rank 2 mutually unbiased bases (MUB)
extension from release 10 (Rel-10) uplink (UL) 4Tx rank 1
codebook, and release 15 (Rel-135) DL New Radio (NR) 4Tx
rank 2 codebook specified in 3’%-Generation Partnership
Project (3GPP) specifications, or a combination thereof.
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3. The method of claim 1, wherein the constructing of the
codebook comprises:
determining an original codebook from downlink (DL)
four-transmitter (41x) rank 2 codebook in release 8
(Rel-8), rank 2 mutually unbiased bases (MUB) exten-
stion from release 10 (Rel-10) uplink (UL) 4Tx rank 1
codebook, and release 15 (Rel-15) DL New Radio (NR)
4Tx rank 2 codebook specified in 3"“-Generation Part-
nership Project (3GPP) specifications; and
enlarging the original codebook by performing one or
more permutations on the original codebook with one
or more permutation matrices to obtain the codebook,

wherein a feedback overhead of the codebook remains
unchanged compared to a feedback overhead of the
original codebook.

4. The method of claim 1, wherein the selecting of the
permutation matrix comprises dynamically or semi-stati-
cally receiving signaling from the network node indicating
selection of the permutation matrix for constructing the

codebook.
5. The method of claim 4, wherein the receirving of the
signaling comprises receiving radio resource control (RRC)

signaling or a media access control (MAC) control element
(CE) as part of codebook subset restriction (CSR) or inde-
pendent of the CSR.

6. The method of claim 1, wherein the selecting of the
permutation matrix comprises selecting the permutation
matrix based on an indication that 1s an integral part of the
codebook.

7. The method of claim 1, wherein each of the plurality of
permutation matrices corresponds to respective one or more
antenna placement scenarios or one or more codewords.

8. The method of claim 1, wherein the candidate precoder
comprises a rank 2 precoder.

9. The method of claim 1, wherein the codebook com-
prises a rank 2 codebook with a structure of:

114

- 1 [Wﬂ,ﬂ Wﬂ,l}
VAN, N, | Wio Wil

wherein Wﬂfbkl+k1jj.:k2+kzjf.><cf_jz,, r=0,1 1=0,1, and
wherein ¢, ; denotes co-phasing coeflicients with ¢ =1,
Ci0=C1,15 and ¢, (&1, j§, with (k, 'k, ;")E{(0,0),(O,/
2,0),(0,,0),(0,-3/2,0)}.
10. The method of claim 1, wherein the constructing of
the codebook comprises constructing the codebook accord-

ing to a construction under which:

a number of C,*, k=1, 2, .. ., 16 matrices are defined by
either:
1. eight matrices Cz(k),, k=1, ..., 8, from
[ Vite Vite } [ Vite Vitc } [ Vite V2+¢
Viee —Vite ] LVare —Varel L 1Viee —@1vare |

where ¢=0, 2, ¢,=1, 1, or
2. eight matrices W,%®, k=9, . . ., 16, from

[ V] V2 } [ V] V2 ]
davi Pova | L dava vy |

where ¢,=1, 1-1, -7, and
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-continued

37

a rank 2 precoder 1s given by:

[ V] V2 } [ V1 V2 ]
davi dova | L dave vy ]

1
T 27 3
| Y, n=0,1,2,3,k=1,2,..., 16 where ¢,=1, i, -1, =j.
/2 13. The method of claim 1, wherein the codebook com-
= A prises a rank 1 precoder with a structure of:
10
11. The method of claim 1, wherein the constructing of the B Dy@

Noy

codebook comprises constructing the codebook according to
a construction under which the codebook i1s defined by

either: L .
1. eight matrices from 5 wherein O<k<,N,0,/2-1=3, 1=1<2 and O=n=<3,
' wherein N,=2, N,=1, O,=4 and L=2,
wherein
[Vlﬂ: Vite } [Vlﬂ: Vite } [ Vite V2tc
Viee —Viee ) L Vare —Vare | [@1viee —d1vase | _
20 1
dp,=¢e'2,and u,, =| . 20m |,
. Rlonn
where ¢=0,2, ¢,=1, j, : :
2. eight matrices from
and
2> wherein
V3 V4 V3 V4
[¢52V3 @521*4}5 [@521’4 d2V3 }5
B,
. . . . Bn = [HH U O N ].} ngl) = [ }j and
where ¢,=1, J, -1, -}, and a rank 2 precoder 1s given by: ki B,
e
w2 = .
1 - i Qf’nEj |
pJm/2n
0 . _ _ . .
1 ¢2,n=0,1,23k=12,...16 35 14, The method of claim 1, wherein the codebook com-
L2 prises a rank 2 codebook with a structure of:
D, _
12. The method of claim 1, wherein the constructing of 4, Vs "
the codebook comprises constructing the codebook accord-
ing to a construction under which the codebook 1s defined o
by: wherein O<k=N,O, -1,
1. four matrices C,* from wherein N,=2, N,=1 and O,=4,
45 Wherein P, with p=1,2 1s defined by:
[Vl Vl][vl Vl}[""l Vz}
vi =villva —va |l L —diva | 1
1
[1, = :
: 50 1
where ¢,=1, 1, and |
a rank 2 precoder 1s given by: '
1 0 0 0
0 0 1 0
1 [, = .
. 55 0 1 0 0O
Ejﬂjél-n
1 o, 000 1
TN
D, _ wherein a definition of W "’ is same as in a New Radio
60 downlink four-transmitter codebook,
_ _ wherein
n=0,1,...,7, k=1, 2, ..., 4 or any of eight matrices from
1
[ V3 V4 } [ V3 V4 }GI‘ 65 Uy, = j-—zﬂm— aBk — [“k HkJr?_l_ﬁ]’ and
Bovs Bava | [ dava d2vs e 9L :
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-continued

Bk

1

wh = [ }
Bk

O=<k=N,0O,-1, and

wherein W,* is defined by either a first alternative (Alt
1) or a second alternative (Alt 2) as follows:

ey €1 €y ) €1 € :
:|j |: :|j |: :|’ QI’ B 13 j.
ey —ey | Lgey —ger ] Lex —e

Alr 2
(2) €1 €1 €1 €2 €1 €1 €1 €2
W, e : ; ;

€1 —€ £y —&r gy —En €2 —&]
such that

€ €1+in 5
ASINC

Clring TClralingizg)

3

'l

a(iry, ha)=mod(ip +i2,2),0=<ip,ip=<1]¢.

b

15. The method of claim 1, wherein the constructing of
the codebook comprises constructing the codebook as an
antenna port re-indexing by applying a plurality of permu-
tation matrices to a first codebook to enlarge the first
codebook.

16. The method of claim 1, further comprising;:

receiving, by the processor, signaling from the network
node indicating an order 1n which a plurality of sound-
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ing reference signal (SRS) resources are mapped to a
plurality of antenna ports at the UE for an uplink
transmission,

wherein each of one or more of the antenna ports is

configurable to be mapped to any SRS resource of the
plurality of SRS resources for the uplink transmission
using the codebook.

17. The method of claim 1, further comprising;:

recerving, by the processor, signaling from the network

node indicating a permutation with respect to an order
in which a plurality of sounding reference signal (SRS)
resources are mapped to a plurality of antenna ports at
the UE for an uplink transmission,

wherein the antenna ports are fixedly mapped to the

plurality of SRS resources for the uplink transmission
using the codebook,

wherein the signaling further comprises a precoding

matrix idicator (PMI), and

wherein the permutation i1s an integral part of 1n a PMI

definition with respect to the PMI.

18. The method of claim 1, further comprising:

receiving, by the processor, signaling from the network

node indicating a codebook subset restriction (CSR)
with respect to the codebook; and

selecting, by the processor based on the CSR, one or more

codewords 1n the codebook,

wherein the transmitting of the processed information to

the network node comprises transmitting the processed
information to the network node using the one or more
codewords.

19. The method of claim 18, wherein the receiving of the
signaling from the network node indicating the CSR com-
prises receiving the CSR with a bitmap through radio
resource control (RRC) signaling, and wherein a length of

the bitmap equals a number of precoders 1n the codebook.
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